###### Strengths and limitations of this study

-   This is the first study measuring the longitudinal effectiveness of the mirroring intervention in changing smoking behaviour.

-   External randomisation via computer and a relatively high number of clusters ensure good comparability between groups.

-   For the reason that intervention and control classes are located in the same schools, cluster effects cannot be excluded.

Introduction {#s1}
============

Most smokers start smoking during their early adolescence with the idea that smoking is glamorous; the problems related to cardiovascular disease, lung cancer and chronic pulmonary disease are too far in the future to fathom.

After multiple failed quit attempts, many smokers end up with tobacco-related diseases doctors are unable to cure.[@R1] Inpatient smoking cessation is effective[@R2] and was implemented in guidelines of almost all medical specialties,[@R3] but research has shown that about half of physicians in Brazil do not deliver it,[@R4] especially before the onset of chronic disease.[@R5] The problem of undertreatment of tobacco addiction is known on a global scale,[@R6] while the behaviour of physicians in both inpatient and outpatient settings affects the subjective norm within a community, which in turn affects smoking behaviour.[@R8]

Education Against Tobacco (EAT) is a global network of medical students that aims at both: providing science-based prevention to a large number of adolescents and at the same time sensitising prospective physicians for the importance of delivering smoking cessation advice.[@R9] The network currently involves about 80 medical schools in 14 countries with 2000 medical students educating more than 40 000 secondary school students in the classroom setting per year using and optimising apps and strategies.[@R11] Since its foundation in Germany in 2012, the network instructed science-based smoking cessation curricula in 14 medical schools in Germany (of the 28 medical schools in Germany that take part in EAT) currently prospectively evaluating their effectiveness in preparing medical students for inpatient smoking cessation.[@R16] The two free science-based quit apps of EAT ('Smokerface' and 'Smokerstop') are downloaded more than 300 times per day and were translated to the most spoken languages worldwide.[@R14]

Baseline data from our school-based study performed in a city with regional proximity to the city of this study (Itauna) showed a baseline 30-day smoking prevalence of 14.6% in male and 13.8% in female participants in a sample size of 2038 students with an average age of 14.7 years (median=15 years; range 12--17 years).[@R11] National data represented in the Adolescent Cardiovascular Risk Study study were comparably lower (5.7% of smokers among 74 589 Brazilian adolescents aged from 12 to 17 years), which is explained by regional differences in smoking prevalence but also by different methods of data collection.[@R17]

Current knowledge on school-based tobacco prevention {#s1a}
----------------------------------------------------

Most school-based curricula are ineffective, and data from Brazil remain scarce.[@R18] The most recent trials on tobacco prevention in the school setting have focused on including school personnel or sports trainers in the intervention[@R21] and others focused on involving the families,[@R24] but all of these studies concluded that the environment of the student (ie, the peer group but also parental behaviour, school policies, etc) plays a role in smoking initiation in adolescence.

Physician-based programmes relying on fear-inducing statements show no overall long-term effectiveness in reducing the smoking prevalence.[@R26] A physician-based multimodal programme in Germany was evaluated in a quasi-experimental study showing significant short-term effects in preventing smoking onset.[@R30]

In Brazil, a randomised controlled trial of different school-based interventions to reduce the use of various psychotropic substances among 1316 students from 2015 showed mixed effects for different drugs/settings with limitations of the study design that preclude interpretation.[@R31] Another study from Brazil tried to analyse the effectiveness of an educational intervention by the Brazilian Cancer Institute (INCA) to prevent smoking among school adolescents. The researchers randomised 32 schools to either control (no intervention) or intervention arm with a total sample of 2200 7th--8th graders (13--14 years old). INCA members lectured about tobacco control to teachers from schools of the intervention group, and it was expected that those teachers would discuss tobacco-related topics with their students. Questionnaires were applied before and 6 months after the interventions, and urine was obtained for biochemical validation. No change in smoking prevalence was found at end line, but knowledge on passive smoking had improved.[@R32]

Introduction of the EAT app 'Smokerface' {#s1b}
----------------------------------------

Photoageing desktop programmes in which an image is altered to predict future appearance were effective in motivating 14-year-old to 18-year-old women to quit smoking and increased the rate of quit attempts in 18-year-old to 30-year-old young adults of both genders by 21% in Australia[@R33] and are in line with recently published preliminary findings from France.[@R35] Advantage was taken of the broad availability of smartphones and adolescents' interest in appearance[@R36] to create the free three-dimensional (3D) photoageing smartphone app 'Smokerface',[@R15] which photoages the users' selfie into 1-year-older to 15-year-older animated versions (normal ageing vs normal ageing plus chemical photoageing due to tobacco smoke[@R37]) (online [supplementary video](#SP1){ref-type="supplementary-material"} and [figures 1--3](#F1 F2 F3){ref-type="fig"} explains the facial changes to the user ([figure 4](#F4){ref-type="fig"}). It is downloaded 200 times per day and available for both iOS and Android smartphones.
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![Effect view of normal ageing plus smoking one pack a day for 15 years.](bmjopen-2017-018589f01){#F1}

![Effect view of normal ageing as a non-smoker for 15 years.](bmjopen-2017-018589f02){#F2}

![Normal ageing for 1 year as a non-smoker (very limited changes to the users' selfie).](bmjopen-2017-018589f03){#F3}

![Explanatory graphic of the facial changes within the app.](bmjopen-2017-018589f04){#F4}

Previous research on photoageing in school-based tobacco prevention {#s1c}
-------------------------------------------------------------------

In 2014, the Smokerface app was only available as a software programme, run on notebooks that captured participant's faces via webcam.[@R12] This app was implemented in the school setting by medical students as a part of the EAT intervention. While the interpretability of the results was limited by a high loss-to-follow-up of 52.3%, the intervention appeared to prevent smoking, especially in women (number needed to treat (NNT)=24) and students with a low educational background (NNT=30).[@R12]

The current 3D version of the Smokerface app is also currently implemented via a poster-campaign in German secondary schools in the context of a large multicentred trial with roughly 10 000 German adolescents.[@R42] In addition, the current app is currently integrated in a different way in a randomised trial of the EAT group in Brazil as a subpart of their school-based curriculum.[@R11]

The mirroring intervention (the students' altered 3D selfies on tablets are 'mirrored' via a projector in front of their whole grade) under evaluation was recently conceptualised and tested in a pilot study with 125 German adolescents of both genders (average age 12.75 years) with promising results. A majority of the students perceived the intervention as fun (77/125, 61.6%), claimed that the intervention motivated them not to smoke (79/125, 63.2%) and stated that they learnt new benefits of non-smoking (81/125, 64.8%).[@R14]

Theoretical considerations on photoageing interventions in adolescence {#s1d}
----------------------------------------------------------------------

The self-concept of appearance, which photoageing interventions are taking advantage of, is still by far the strongest predictor of self-esteem in adolescents of both genders, which has been repeatedly demonstrated in multiple studies from different countries.[@R36] In the most recent publication by Baudson *et al* involving a sample of 2950 adolescents from a broad range of secondary schools, it was noted that this is especially true for students from lower educational schools and girls,[@R36] which are exactly the subgroups we measured the intervention to be most effective for.[@R12] This may be explained by the theory of planned behaviour (TPB), according to which the subjective norm (ie, 'my friends think that smoking makes you unattractive'), the attitudes (consisting of beliefs; ie, 'smoking leads to unattractiveness') and the perceived behavioural control (ie, 'I can resist if somebody offers me a cigarette') influence both the behavioural intentions of a person and his/her behaviour. Photoageing interventions potentially affect all three of these predictors, and the mirroring intervention specifically had strong influence on the subjective norm in the previous pilot study.[@R14]

This first randomised trial was designed to answer the following main questions: is the mirroring intervention effective in changing the smoking behaviour of Brazilian adolescents of both genders? Does it sustainably alter the predictors of smoking in accordance with the TPB?[@R44]

Methods and analysis {#s2}
====================

Trial design {#s2a}
------------

The study is designed as a randomised, controlled superiority trial with two parallel groups and a primary end point *of the difference of cigarette smoking in the past week* (introduced as a new gold standard in the ASSIST trial from 2008[@R45]) at 6 months follow-up implemented in the City of Itauna (Brazil). Randomisation is externally and centrally performed at school level with a 1:1 allocation (control to intervention) via computer.[@R12] The intervention classes receive the Smokerface mirroring intervention, and control classes within the same schools receive no intervention. A total of at least 70 secondary school classes in Itauna, Brazil, participate in the baseline survey in February 2018. Immediately after the baseline survey, the intervention classes receive a 45 min lasting app-based intervention conducted by local volunteering medical students of the EAT network. Follow-up surveys are conducted 3 months and 6 months postintervention.

Intervention {#s2b}
------------

To integrate app-based photoageing interventions into the school-based tobacco prevention setting, we previously developed and tested the mirroring approach in a pilot study.[@R14] Mirroring means that the students' altered 3D selfies on smartphones or tablets are 'mirrored' via a projector in front of the whole class. The mirroring approach is implemented by volunteering medical students from the University of Itauna EAT group who receive a standardised training in advance the completion of which is monitored via a performance questionnaire by the instructor. To ensure the participation of all students within a certain class and to avoid contamination within schools, we implement the mirroring intervention via 10 Samsung Galaxy Tablets, which are already set up.

In the first 10 min phase, the displayed face of one student volunteer is used to show the app's altering features in the two categories (non-smoking vs smoking one pack a day for a time span of 1--15 years) to the peer group, providing an incentive for the rest of the class to test the app. Students may interact with their own animated face via touch (sneezing, coughing, etc; see online [supplementary video](#SP1){ref-type="supplementary-material"}). In front of their peers and teachers, they could display their image as a non-smoker/smoker (of one pack a day) 1, 3, 6, 9, 12 and 15 years in the future (see [figures 1 and 2](#F1 F2){ref-type="fig"}). Multiple device displays can be projected simultaneously, which are used to consolidate the altering measures with graphics (eg, to explain the chemical photoageing caused by smoking). We implement mirroring with Galaxy Tab A (Samsung) via Apple's proprietary AirPlay interface using the Android app 'Mirroring360' (Splashtop).

After the demonstration of the functionality in the first phase with one student volunteer, in the second 15 min phase, all present students are encouraged to try the app on one of the tablet computers, which are connected to the beamer in front. The number of provided tablet computers was calculated so the phase would take up to 12 min at the most, factoring in a utilisation time of about 4 min per student. By this calculation, 25 min of the mirroring intervention and 10 provided tablets were sufficient to have every student within a class of 40 pupils successfully mirrored at least once.

In the following 15 min, the remaining functions of the app are discussed with the students. Facial changes, quitting via the free Smokerstop app and impaired growth, strength and sagginess of women's breasts are discussed in an interactive setting. These topics are strictly in line with the explanatory graphics within the app.

In the last 5 min, the perception of the intervention by the students is measured directly after the intervention via three items in reference to our previous cross-sectional survey[@R14] in an anonymous questionnaire on 5-point Likert scales: (1) 'The animation of my 3D selfie motivates me to remain a non-smoker,' (2) 'I learned new benefits of non-smoking' and (3) 'The intervention was fun.'

Participants {#s3}
============

Eligibility criteria at baseline {#s3a}
--------------------------------

Students from Itauna in south Brazil attending grades 6--12 in regular secondary schools are eligible.

Contaminated classes {#s3b}
--------------------

The final intention-to-treat analysis will contain all classes that participated at baseline. We will assess app use in both groups at 6 months follow-up to assess contamination of control classes and which will be the basis for a secondary (sensitivity) analysis with the met￼hods described in the Analysis section of this protocol.

Procedure {#s3c}
---------

Data are collected via a paper pencil questionnaire. In addition, smoking status is validated by a random carbon monoxide (CO) breathing test at baseline and end line. In addition to sociodemographic data (age, gender and school type), the questionnaire captures the smoking status of the school students concerning cigarettes and multiple other tobacco products (such as e-cigarettes and waterpipes) and was used as well as tested in previous studies in Germany and Brazil.[@R11] In addition, the questionnaire captures the change of behavioural predictors in accordance with the TPB that we used in our previous cross-sectional study.[@R14] As not all predictors can be monitored due to the fact that this would add length to the questionnaire, which leads to frustration of some of the students in our pretest and complaints by teachers that found the time needed for data collection too long, we only included the two most important ones in the context of our study which are (1) change in subjective norm (due to peer-group effects) and (2) intention to change behaviour. Since Portuguese equivalents were not available for all of the items used, we used the Conceptual Method for translation described by the WHO/United Nations Economic and Social Commission for Asia and the Pacific Project on Health and Disability Statistics.[@R46] Newly translated and/or modified items were extensively pretested and subjected to statistical analyses.[@R42]

### Biochemical validation {#s3c1}

Using a portable CO analyser (Smokerlyzer piCO+, Bedfont Scientific), CO testing will be randomly performed at baseline and end line in at least 10% of students.[@R47] CO measurements will be conducted by medical students with recordings made in the afternoon. The cut-off point is defined as 6 parts per million or less for non-smoking and more than 6 parts per million for smoking.[@R48]

Data collection {#s3d}
---------------

Each data collector involved receives training for data collection and is required to use an adapted standardised protocol for data collection, an optimised version of the one used in the Smokerface randomised trial.[@R42] A total of 70 classes are included into the study. Written informed consent was obtained from all participants and their parents.

### Cluster randomisation {#s3d1}

In accordance with the guidelines for good epidemiological practice, classes within schools are externally and centrally randomly assigned to the control or intervention group via block randomisation in a ratio of 1:1 (control to intervention) via computer by a statistician at the University of Duisburg-Essen, Germany.

Outcomes {#s3e}
--------

The primary end point is defined as the difference in smoking prevalence in the past week at the 6-month follow-up between the two groups. The difference of the 7-day/30-day and daily smoking prevalence between the two groups at 3 months, the 30-day smoking and daily prevalence at 6 months, the number of new smokers, the number of quitters and the change in the number of never-smokers after 3 and 6 months will be compared between the two groups as secondary outcomes. For all end points, the NNT will be calculated. A smoker is defined as a pupil who claims to have smoked cigarettes at least 1 day in the 7 days preceding the survey. Those pupils who claim not to have smoked cigarettes in the past 7 days are defined as non-smokers. All participants who claim to have smoked more than once per week in the past are defined as ex-smokers.

Statistical considerations {#s3f}
--------------------------

### Sample size calculation {#s3f1}

We calculated sample sizes of 735 for both groups, which were obtained by sampling 35 clusters with 21 subjects each in the intervention group and in the control group to achieve 80% power to detect a prevalence difference between the groups of 4% taking into account an intraclass correlation of 0.033 calculated from our previous study.[@R9] The 7-day smoking prevalence was assumed to be 8% under the null hypothesis and 12% under the alternative hypothesis. The test statistic used is the two-sided score test (Farrington and Manning). The significance level of the test was 0.05. Normal class size in Brazil is 35 pupils, and thus, a loss-to-follow-up effect of 40% was taken into account.

### Data entry {#s3f2}

Data entry is performed manually at the University of Itauna in Brazil into a Microsoft Excel sheet by locally trained personnel.

### Analysis {#s3f3}

To examine baseline differences in pupils' characteristics in our experimental design, we will use χ^2^ tests for the categorical variables and Student's t-tests for continuous variables. To test for differences in baseline and follow-up smoking prevalence between groups, we will use a cluster-adjusted Mantel-Haenszel χ^2^ test[@R49] at a significance level of 5% (two sided). For the main analysis, hierarchical linear models (HLMs) will be applied. HLM can handle the nested structure of the data and will be used to test for between-group differences in within-group changes in smoking behaviour over time. HLM will also be used to investigate the influence of further covariates and time-dependent behaviour in secondary analyses. Statistical analyses will be performed using the version 24 of SPSS Statistics (IBM, New York, New York, USA).

The effect that missing data might have on results will be assessed via sensitivity analysis. Drop-outs (essentially participants who withdraw consent for continued follow-up or who are missing in the classroom during the survey) will be included in the analysis by modern imputation methods for missing data and multiple imputation will be used to estimate treatment effect.[@R50]

Discussion {#s4}
==========

Principal considerations {#s4a}
------------------------

While cross-sectional data on the mirroring intervention exist,[@R14] this is the first study measuring its longitudinal effectiveness in changing smoking behaviour. Based on data from a trial that implemented photoageing (without mirroring) as a subpart of a smoking prevention programme (and has thus to be interpreted with caution), photoageing interventions work specifically well in female adolescents.[@R12] Apart from smoking prevention, photoageing has been evaluated in other behavioural change settings such as smoking cessation[@R33] but also tanning[@R54] and adiposity prevention[@R59] and showed promising results in all of these behavioural change settings.

The mobile phone app we investigate in this trial is easy to implement and was well received in our prior pilot study.[@R14] It is evaluated in a way that does not go beyond what the app itself provides from an educational standpoint. This is important, as this makes the data interpretable for the mirroring intervention itself (and not other aspects one might add in other school-based tobacco prevention programme).

Generalisability {#s4b}
----------------

As this study is conducted only in Brazil, our results might not be generalisable to other cultural settings. However, WHO is concerned about the tobacco industry targeting young women in their advertisements, especially in developing and emerging countries in which cosmetic products, as well as tobacco use, are on the rise.[@R61] These developments increase the global relevance of our research.

Limitations {#s4c}
-----------

As the control and intervention classes are in the same schools, cluster effects cannot be excluded entirely and methods of containing contamination limit the intensity of our intervention (ie, giving the app name to the students). Smoking status is biochemically validated via a random CO test in 10% of the students. Other studies used cotinine testing in urine or saliva, which was proposed as the gold standard by Connor Gorber *et al* in 2009.[@R62] However, this method is not able to distinguish between e-cigarettes and regular cigarettes. Also, it is more costly and more invasive than CO testing and thus might be outdated in school-based settings. Combining CO and cotinine saliva would be the most sensitive (but also most expensive and complicated) method for a definitive trial.[@R63] The limitations of CO testing may be found elsewhere.[@R48] Lastly, our process evaluation on the complete delivery of the training relies on the self-reported completion of the standardised training by the medical students as well as on the limited data based on the TPB that we receive from the adolescents. An optimal process evaluation would also cover teachers and would cover all aspects of the TPB which is, however, not possible in the public school setting in Brazil.

In summary, we present the first longitudinal study measuring if the mirroring intervention prevents smoking. With regards to the available literature, we anticipate a stronger effect for female students than for male students. At the same time, the intervention engages prospective physicians into tobacco control activities.

Ethics and dissemination {#s4d}
------------------------

Written informed consent is obtained by the data collectors from both the participants themselves and their parents. All participant information will be stored in locked file cabinets in areas with limited access. Participants' study information will not be released outside of the study without the written permission of the participant. Results will be disseminated at conferences, in peer-reviewed journals, on our websites and throughout the multinational EAT network.
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